Abstract. The problem of determining the circle of best fit to a set of points in the plane (or the obvious generalization to n-dimensions) is easily formulated as a nonlinear total least-squares problem which may be solved using a Gauss-Newton minimization algorithm. This straightforward approach is shown to be inefficient and extremely sensitive to the presence of outliers. An alternative formulation allows the problem to be reduced to a linear least squares problem which is trivially solved. The recommended approach is shown to have the added advantage of being much less sensitive to outliers than the nonlinear least squares approach.
Introduction
The problem of determining the circle of best fit, in a total least squares sense, to a set of data points aje ~, j = I, 2 . . . . . m , is a special case (n = 2) of the following (nonlinear) total least-squares problem (TLS): Determine values of xe II~ ~ and re R ÷ which solve the problem rain Z {Fj(x,r)} 2,
x,r j = l ~This work was completed while the author was visiting the Numerical Optimisation Centre, Hatfield Polytechnic and benefitted from the encouragement and helpful suggestions of Dr. where Fj(x, r) is the distance of the point aj from the fitted circle,
Here, x denotes the center of the circle and r its radius, and the terminology total least squares is used to emphasize that it is the sum of squares of the Euclidean distances between the points a s and the corresponding nearest points on the fitted circle that is minimized, rather than the vertical distances that are used in the more familiar method of least squares. Writing 
S(x, r) = E F](x, r),

v(x) = S(x, r(x))
and substituting for r(x) in (1) 
j=] ]
which is a minimum variance problem. The gradient vector V V(x) is then given by the expression
| "= Although problem (4) is a little simpler than the equivalent problem (1), it is still a nonlinear problem and there is little to be gained from this reformulation apart from a reduction in dimensionality from n + 1 variables to n (which is, of course, still worthwhile). Gruntz (Ref. 1) has considered problem (1) and has made available a MATLAB 3 program for computing a solution by the Gauss-Newton method for the case n = 2. It is well known that the Gauss-Newton method is most 3MATLAB i$ a registered trade mark of the MathWorks Inc.
